LHC magnets: cold tests & throughput by Chohan, V
LHC MAGNETS: COLD TESTS & THROUGHPUT  




The Testing Facility in SM18 has a test programme 
destined to verify the electrical, cryogenic and quench 
performance of the magnets for machine operating 
conditions as well as providing a sampled field quality 
evaluation.  From the magnet production and delivery 
points of views the test programme is used to monitor the 
overall magnet manufacturing quality. Given the 
environment and present limits of the Testing Facility, 
these different objectives impose somewhat conflicting 
requirements on the SM18 operation. LHC beam quality 
requirements may also necessitate more sampling and 
longer, additional magnetic measurements. In addition, 
the fixed machine installation completion date, the 
compressed schedule and a parallelized installation 
process will potentially require a higher supply rate of 
tested magnets or of specific types than presently 
achieved.   This presentation will discuss the SM18 
environment and its limits and give an overview of 




For the Large Hadron Collider, a necessary and 
primordial condition prior to its installation is that all the 
main twin-aperture dipole and quadrupole magnets are 
tested at 1.9 K cryogenic conditions. These tests are not 
feasible at the manufacturers and hence, are carried out at 
CERN, at a purpose built facility on the site (SM 18). The 












• Project Management: The aspiration of the project 
management is to have “Beam Collisions by 
2007”, further emphasising that the magnets tests 
programme must be focussed and concise.  
 
• Magnet Production: The magnet production 
follow-up engineers are interested in tests that 
ensure that the magnet is produced in accordance 
with the “Manufacturing Specifications”. Further, 
due to the clauses mentioned in the contracts, it is 
essential and often obligatory to precisely 
investigate and document the “out of specification 
performance” of the magnets. This therefore calls 
for additional tests to be conducted on magnets that 
perform poorly.   
 
• Accelerator & Beam Physicists: Magnetic fields 
and related issues are of prime importance to 
ensure the success of the LHC and therefore, one 
needs to carry out a number of measurements 
under various conditions to build a ‘magnetic’ 
knowledge base for commissioning and eventual 
running of the LHC machine.  
 
Hence, the varying demands on SM18 operation are 
often of conflicting nature for ideal operational 
performance, particularly due to the limitations of the 
environment and the constraints under which the tests 
programmes has to be carried out. Nevertheless, the needs 
of the various pressure groups are being met as much as 
reasonably feasible under the limitations of the working 
environment.  
BOUNDARY CONDITIONS  
 
The testing facility at SM 18 consists of 12 test benches 
arranged in 6 clusters. A cluster consists of 2 test benches 
and shares common equipment & electronics systems. 
The common equipment & electronics include the main 
13 kA power converter (as well as other auxiliary 
converters), data acquisition systems and protection 
systems. The consequence of this arrangement is that two 
magnets on a single cluster cannot be powered & tested 
simultaneously.   
Ideally, the cryogenic system cools down the magnets 
from ambient to 90 K in 12 h by circulating gaseous 
helium through a heat exchanger cooled with liquid 
nitrogen. The 2nd phase to reach 1.9 K takes further 14 h.  
The warm-up phase duration is nominally 12 h. However, 
with multiple benches and magnets, a considerable 
waiting time has to be added to the nominal time to cool 
down or warm up the magnets, (see later, Fig.6)  
Up to end 2004, the Cryogenic infrastructure permitted 
us to have at the same time only one magnet in each of 
the two cool-down phases (300K-90 K, 90 K-1.9 K) and 
one magnet in the warm-up phase (last quench to 300 K). 
In addition, the cryogenic limits us to ~5 dipoles being 
cold at 1.9 K, with a further capacity constraint of not 
exceeding 9 recoveries of high field quenches or initial 
cooling from 4.2 K to 1.9 K per 24 hours. All these 
requirements impose significant sequencing constraints in 
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the testing regime with multiple benches and different 
stages of connections, cool-downs, cold tests, warm-ups 
and disconnections.  
    Utilities, like water is also limited. Water is adequate to 
power 4 magnets at a time.  
    Hence a constant juggling of resources is required by 
the Operation team to work under these conditions.  
BRIEF OVERVIEW OF TESTS  
 
 
Figure 1: Cumulative Cold Tested magnets  
 
The rate of the cold tests of the dipole and quadupole 
magnets has increased considerably during the year 2004 
as seen in Fig. 1, together with a table in Fig. 2.  The 
factors, which have played an important role in the 
increased tests rate, are: 
 
1. SM18 Operation was further reinforced. The 
working methodologies and responsibilities for 
the shift crew were based on CERN-known 
techniques and experience in accelerator 
running-in, commissioning and routine 
operation. The empowerment of the OP team had 
to be achieved to increase the tests throughput.   
Improved communications and information 
handling had to be developed for a large multi-
cultural team. 
 
2.  The tests programme was streamlined with the 
“goodness” criteria and training limited up to 8.4 
Tesla (2-Quench rule) for well performing 
magnets without undermining the specifications 
requirements for poorer magnets and still 
satisfying the demanding criteria of project, 
production and accelerator physics.  
 
3. Development of a powerful tests management 
system (SMTMS) by the Operation team for the 
tests follow up as well as further refinements and 
operational methodologies like checklists, clear 
cut definitions and criteria. All this resulted in 
the dynamic & continual development of 
documentation in the form of Tests Manuals 
Magnet Tests Reports (MTR), Example & 
Magnet performance/appraisal sheets and so 
forth.  
 
4. Displays and tools were created and Information 
from Utilities and Resources (Cryo, Power, and 
Water) were made available, enabling the 
Operation team to juggle with the limited 
resources.  
 
5. Tests rules were made transparent to facilitate 
the Operations team to function independently 
and with minimum supervision.  
 
6. The construction & commissioning of all the 
12 purpose-built test benches was completed by 
the end of June 2004.  
 
7. With the commissioning 12 benches, the 
situation in SM 18 became dynamic with several 
magnets in various stages of warming, cooling, 
tests at 1.9K, disconnection etc. It was 
imperative that SM18 operation had to keep 
track of the work with different teams involved 
like ICS-consortium & Cryogenics. The 
development of the “Electronic Traveller” and 
Displays in SM18 enhanced the overall 
efficiency.   
 
8. To enable faster test bench connection and 
disconnection of the magnets, the ICS 
consortium worked in 3 shifts from July 2004. 
 
























Includes Rejects & 
Repeats 
55 




Figure 2: Summary of Tests   
 
In the year 2004 a total of 396 Dipoles, 52 Arc-SSS and 
3 IR-SSS were tested. These figures include repeats and 
rejects. The tests rate per month for Dipoles and Arc SSS 
are shown in Fig. 3 & Fig. 4 respectively.  
































Jan-04 Feb-04 Mar-04 Apr-04 May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04
Month
Cold Tests in SM18 in 2004
Total Dipoles












































































































LHC Project Workshop - ’Chamonix XIV’
194
 
Figure 4: Tests rates for Arc SSS 
OUTLOOK 
The goal is to cryogenically and electrically test the 
1706 cryo-magnets: 1232 Dipoles, 360 Arc-SSS and 
114 insertion region (Matching & Dispersion Suppressor 
region) IR-SSS. The final number of magnets tested will 
be higher, due to the retests on a percentage basis of all 
the magnets. From the present operational experience, it 
is estimated that finally, ~ 1900 magnets will be tested. 
This magnet count is obtained by assuming a retest figure 
of ~11%. With the present environmental conditions and 
the list of tests we perform (both on Dipoles & SSS) it is 
possible to test ~ 55 magnets per month. At this tests rate 
the testing of all magnets would terminate in April 2007, 
as shown in Figure 5. This rate and eventual termination 
of tests is contradictory to the LHC project requirement. 
Hence it is imperative that the tests rate must be 
increased.  A figure of 69 magnet tests per month would 
be required to terminate the testing activity by November 
2004, as shown in Fig. 5.  
 
 
Figure 5: Estimates on a simple magnet count basis 
 
To achieve the rate of 69 magnets per month, it is 
essential that the “Bench Occupancy Time” (BOT) is 
reduced. The BOT can be divided into 5 distinct phases. 
 
? Connect Time: Connection of the magnet to the 
CFB and performing the initial warm tests, 
 
? Cooling Time: Cooling the magnet to 1.9 K, 
 
? Cold Test Time: Training the magnet and 
performing special tests, 
 
? Warming Time: Warming the magnet to 300 K 
 
? Disconnect Time: Disconnecting the magnet from 
the bench and performing final electrical tests prior 
to removal from the bench. 
 
The BOT can be reduced by improving the cryogenic 
performance whereby the cooling and the warming 
time of the magnets will be reduced. Another line of 
attack would be to critically evaluate the tests 
conducted on a magnet and check if some tests could be 
reduced in the spirit of maintaining the project 
schedule. In line of this, a number of time saving 
schemes were proposed at the “Review of Magnet Tests 
in AT Department” in January 2005. Some of the 
proposals are enumerated below.  
 
? Drastic reduction in Single Stretch Wire 
Measurements for Arc-SSS, 
? Reduced Training Quenches beyond 7 TeV: 3 
Quench Rule, 
? Improved Production Control at warm and 
removing the load from cold tests: No Diode Tests 
at 1.9 K, 
? Reduced duplication: WP04 Insulation Tests on the 
test bench. 
Improvements foreseen  
The cryogenic capacity will be enhanced in 2005. The 
commissioning of an additional circulation compressor 
would increase the mass-flow rate of gaseous helium 
from 200 g/s to 300 g/s.  
Figure 6: Cooling & Warming times for Dipole magnets  
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Present-Rate 55 per Month
Rate 62 per Month
Rate 69 per Month
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During 2004, the average Wait+Cooling, 
Wait+Warming was 45 and 20 hours respectively as 
shown in Fig. 6. It is estimated that the augmented 
capacity of the CWS unit would reduce the Wait+Cooling 
time, Wait+Warming time to 30 and 15 hours 
respectively.  
 
Time Estimates for 2005 
It is foreseen that with the improvements in cryogenic 
capacity and the implementation of some of the time 
saving proposals from January 2005, the BOT for dipoles 
would reduce from 137 hours to 120 hrs. A drastic 
reduction in testing time of Arc SSS is envisaged from 
the present 209 hrs to at least 137 hrs, if not lower. Fig. 7 
lists the time saved in the BOT for a dipole and an Arc-
SSS. {Normally, SSS have better performance and 
shorter training time than dipoles; however corrector 
circuits power tests at 1.9K in SSS require additional   
time} 
 
Average Time to Test magnets (hrs) 
Details Dipoles Arc-SSS 
  Present Future Present Future
Connect Time 30 30 82 52 
Wait + Cooling 
Time 
45 33 32 30 
Cold Test Time 34 34 75 35 
Wait + Warming 
Time 
20 15 12 14 
Disconnect Time 8 8 8 8 
Total test Time  137 120 209 137 
 Figure 7: BOT for Dipoles & Arc-SSS 
 
The tests time would translate to 52 dipoles & 16 Arc-
SSS tested per month. The bench configuration assumed 
for these figures are 8 and 3 benches dedicated to dipoles 
and Arc-SSS respectively. One bench has been reserved 
for the testing on IR-SSS. Estimates for IR-SSS have not 
been enumerated because of the lack of operational 
experience in testing these magnets.  
 
Tests rate Projections 
 
To estimate the completion of the testing activity it is 
not adequate to base the projection on a simple magnet 
count. Factors like bench configuration must be taken into 
account.  
It is seen from Fig. 8 that the testing of all types of 
magnets will be completed by December 2006. The last 
column, for example D-9/AS-2/IS-1 refers to the bench 
configuration necessary i.e. 9 benches allocated for 
testing of Dipoles, 2 benches allocated for the testing of 
Arc-SSS and 1 bench allocated for the testing of IR-SSS. 
The estimates are made on the following assumptions,   
 
1. The retest rates for this projection would be as 
follows: 
• +11% - Dipoles (~ 1368 elements) 
• + 6 % - Arc-SSS (~ 381elements) 
• + 6% - IR-SSS (~ 120 elements) 
 
2. The magnets will be available for testing as and 
when desired. 
 
Figure 8: Estimates for magnet tests  
 
By adjusting the bench configuration at certain dates 
with certain realistic expectations of availability & 
production matching, it is possible to enhance or complete 
the testing of a particular type of magnet before the 
others. A schedule for the installation of the different 
types of cryo-magnets for a given region or sector in the 
tunnel would help in the allocation of benches to suit the 




To prevent a delay in the LHC project, it is imperative 
that testing rates of 67 to 69 magnets per month must be 
achieved. To accomplish this objective, some of the major 
issues that may prevent this are listed below:  
 
1. IR-SSS:  
The testing of this type of cryo magnets is an 
uncharted territory. In 2004, a total of only 3 such 
magnets have been tested. The complexity in 
testing these magnets is the number of variations in 
the design of these magnets. Mechanically, they 
are of nine different types. Hence the preparatory 
time to connect these magnets on a test bench is 
high. 82 out of 114 magnets are individually 
powered. The transfer function of each of these 
individually powered magnets must be determined 























Nov-04 48 11 476 51 2 529 59 D-9/AS-2/IS-1
Dec-04 15 3 1 491 54 3 548 19
Feb-05 45 10 1 536 64 4 604 56 D-8/AS-3/IS-1
Mar-05 48 12 2 584 76 6 666 62
Apr-05 48 15 2 632 91 8 731 65
May-05 48 15 3 680 106 11 797 66
Jun-05 48 15 3 728 121 14 863 66
Jul-05 48 15 4 776 136 18 930 67
Aug-05 48 15 4 824 151 22 997 67
Sep-05 48 15 4 872 166 26 1064 67
Oct-05 48 15 4 920 181 30 1131 67
Nov-05 48 15 4 968 196 34 1198 67
Jan-06 15 3 1 983 199 35 1217 19
Feb-06 45 12 6 1028 211 41 1280 63
Mar-06 45 14 8 1073 225 49 1347 67
Apr-06 36 18 8 1109 243 57 1409 62 D-6/AS-4/IS-2
May-06 36 21 8 1145 264 65 1474 65
Jun-06 36 21 8 1181 285 73 1539 65
Jul-06 36 21 8 1217 306 81 1604 65
Aug-06 36 21 8 1253 327 89 1669 65
Sep-06 36 21 8 1289 348 97 1734 65
Oct-06 36 21 8 1325 369 105 1799 65
Nov-06 36 12 8 1361 381 113 1855 56
Dec-06 7 7 1368 381 120 1869 14
Assumption : Testing Time : Dipole -120 hrs;SSS- 137 hrs
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measurements too are desirable but extra tests 
could result in delays.   
 
2. Magnet Production Programme stability:  
The time estimates given in the previous section 
assumes that the present test programme is stable. 
If new tests were added as production checks, it 
would be of serious concern in keeping with the 
schedule.  
 
3. Further (Newer) demands on SM 18 Operation: 
Dynamic effects at injection, sufficient time 
resolution for decay / snapback, degaussing cycles 
etc, all need new additional studies. Even if they 
are conducted on fewer magnets, they take long 
time. This upsets the normal tests rhythm because 
the magnet remains on the bench for a long time at 
cold, taking precious resources & at high priority. 
Throughput problems could also arise if newer 
requests were made. 
 
4. Manpower: 
Indian Associates  
Under the collaboration agreement with India, the 
Indian Associates have fixed one-year contract. 
Hence there is a continuous rotation of people, 
with a constant ongoing knowledge gain exercise.  
Presently, this does not pose a problem but in the 
event of accelerated testing of magnets, the 
continual knowledge acquisition / transfer is a 
hindrance to achieving high and stable tests yield. 
CERN AB-OP staff 
With the possible start up of the accelerators in 
early 2006, a cutback in the staff from the AB-OP 
group presently involved in SM18 operation would 
further reduce the knowledge continuity, and 
decrease the overall efficiency.  
 
5. ICS Consortium 
The increase in the number of magnets tested per 
month from 55 to 69 would add to the workload of 
the ICS consortium by ~25 %. They must have the 




Figure 9: Average Bench Time In 2004  
 
6. ROCLA (Magnet transport & manipulation device) 
ROCLA suffered from breakdowns in 2004. This 
caused a dramatic increase in total bench time as 
shown in Fig. 9. Presently the ROCLA operation 
staff does not work round the clock, but with the 
projected magnets per month, it is imperative that a 




1. Although a high tests rate was achieved in 2004, 
this rate is not adequate to complete the testing 
activity by end December 2006. 
 
2. Schemes to reduce the bench testing time were 
proposed and some of them will be implemented 
from January 2005.  
 
3. Projections with end-2006 goal in mind has been 
presented, showing that testing of what we do 
know  (Dipoles & Arc-SSS) must go faster to 
permit more time for the unknown  (IR-SSS)  
 
4. The IR SSS testing, particularly magnetic 
measurements will have to be based on sampled 
or Type testing. This will need utilizing all our 
known measurement systems and facilities both 
in SM18 and Block 4 on Prevessin site to 
increase the throughput of the IR-SSS cryo 
magnets. (also stated by LHC Machine Advisory 
Committee-Dec 04,  & at AT-MTM Review Jan 
05) 
 
5. In the event of a slip in the projected rate, further 
time saving schemes would have to be 
employed.   
 
6. Despite many unknowns we believe that there is 
a reasonable chance of terminating the test 
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